In the past few decades, several olfactory tests have been developed to assess olfactory performance and detect disorders. Contrary to other sensory systems, both nostrils are usually tested together; we hypothesized that monorhinal testing may reveal side differences in sensitivity which may be useful for the diagnosis of olfactory dysfunction. Using the "Sniffin' Sticks" test, we assessed olfactory function of 458 participants (278 healthy controls, 180 hyposmic patients), one nostril after the other, with 3 different tasks. For each participant and each task, we compared the scores obtained with both nostrils, and defined the best and worst nostrils. Thus we were able to establish normative data and to define cut-off values. Our results suggest that scores obtained with the worst nostril are the most efficient in detecting an olfactory disorder. This supports the importance of monorhinal testing, as it can allow an earlier and more accurate diagnosis than birhinal testing. This may be especially useful in the context of early detection of neurodegenerative diseases.
Introduction
Compared to senses like vision or audition, validated clinical tests to assess olfactory sensitivity were introduced much later. Indeed, the olfactory tests which are now widely accepted such as the Sniffin' Sticks tests or the UPSIT (University of Pennsylvania Smell Identification Test) are only a few decades old (Doty et al. 1984; Kobal et al. 1996) .
These tests are commonly used for both clinical and research purposes. Both tests are usually carried out by testing both nostrils together (birhinal testing). For this, normative data-describing the repartition of scores across the population-have been established, and cut-off values have been defined to facilitate the diagnosis of olfactory disorders (Doty et al. 1984; Kobal et al. 2000; Hummel et al. 2001; Hummel et al. 2007 ). From these and other studies, we further know that, when a gender difference is observed, women typically outperform men, and that olfactory performance improves during childhood and teenage years, and then decreases with aging (Kobal et al. 2000; Hummel et al. 2001; Hummel et al. 2007; Stevenson et al. 2007; Schriever et al. 2014; Doty and Kamath 2014; Bastos et al. 2015) .
In contrast to this, in vision and audition, both sides are usually tested independently, with one eye or ear tested after the other, because both eyes' or ears' sensibility may be independently affected by a condition. Similarly, separate tests for each nostril would make sense because there can be a difference of sensibility also between the nostrils Gudziol et al. 2010) . With birhinal testing however, this difference of sensibility can go unnoticed, since it is the most sensitive nostril's sensibility which determines both nostrils' joint sensibility (Frasnelli et al. 2002 ). An olfactory loss affecting only one nostril is thus not perceived as long as the olfactory performance of the best nostril remains in the normal range ). In fact, over the last decade, side differences in olfactory performance have been reported in different conditions Gudziol et al. 2010; Welge-Lüssen et al. 2010; Stamps et al. 2013) , raising the interest in separate testing of both nostrils. However, no normative data are yet available for monorhinal testing.
One particular advantage of monorhinal testing is that it allows to directly compare both nostrils with each other. This may be particularly useful in medical conditions suspected to affect both nostrils differently. Indeed, there is evidence of a lateralization-a functional asymmetry-in olfactory impairment associated with conditions such as Mild Cognitive Impairment, Alzheimer's, and Parkinson's diseases (Stamps et al. 2013; Huart et al. 2015; Zucco et al. 2015; Negoias et al. 2016) . Functional asymmetry may be a marker of an early phase of these conditions (Sun et al. 2012; Takeda 2013 ) and therefore eventually serve as an instrument for screening and early diagnostics. It is important to note that, in this article, we refer to the functional asymmetry which directly depends on the difference of sensitivity between the nostrils, but we are not looking at the lateralization of cognitive functions (Broman et al. 2001; Royet and Plailly 2004) .
Using a widespread smell test (Sniffin' Sticks test), the first objective of this study was to examine the effects of gender and age on the 3 different olfactory tasks, and to determine the functional asymmetry (inter-nostril difference) between both nostrils. We hypothesized that monorhinal testing would show the same effects of gender and age as birhinal testing, that is to say a better performance in women, and lower scores in children and in older people. Concerning internostril differences, our hypothesis was that the ratio of people showing differences between the nostrils (independent of left or right) would be greater than what would be expected by chance, thus hinting at the existence of functional asymmetry. The second objective of this study was to establish normative data for unilateral application of the 3 tasks performed with the Sniffin' Sticks test. As a third objective, we compared the performance of healthy participants and patients with different degrees of olfactory dysfunction. Since olfactory dysfunction can start on one side, thus lowering the olfactory abilities of one nostril, our hypothesis was that the scores obtained with the nostril defined as the worst nostril would be more efficient to discriminate between both groups than those obtained with the best nostril.
Materials and methods
This retrospective study was approved by the Ethics Committee of the Medical Faculty of the Technical University of Dresden, Germany, and complies with the Declaration of Helsinki for Medical Research involving Human Subjects.
Participants
Individuals from 2 distinct groups were included into the study. All of them gave an informed written consent to participate. The first group consisted of 278 healthy participants (138 women and 140 men). They were aged from 6 to 79 years with mean ± SD = 31.1 ± 18.2; we divided them into 4 age groups (group 1, 6-15 years, n = 43; group 2, 16-35 years, n = 146; group 3, 36-55 years, n = 52; group 4, >55 years, n = 37). The second group consisted of 180 patients (95 women, 85 men) who consulted an ENT specialist for olfactory dysfunction. Patients were aged from 14 to 80 years, with mean ± SD = 51.4 ± 14.6. However, as the majority was older than 35, we did not divide them into age groups. Instead, they were divided into 4 groups depending on the cause of hyposmia, i.e. sinunasal (N = 26), posttraumatic (N = 72), postinfectious (N = 61), and idiopathic (N = 21), as diagnosed by a specialist (TH, AH, AWL). Please see Table 1 for detailed information.
Olfactory testing
Olfactory performance was assessed using a monorhinal adaptation of the Sniffin' Sticks test (Hummel et al. 1997) . Sniffin' Sticks are felt-tip pens which are filled with odorants instead of ink. The experimenter presents the odorants to the participant by removing the cap and placing the pen's tip ~2 cm in front of both nostrils. In this study, we tested the 2 nostrils separately: the participant closed a given nostril with a finger during each odor presentation, and one nostril was tested after the other. The order of the nostrils was randomized.
We assessed the olfactory performance in 1) odor threshold, 2) odor discrimination, and 3) odor identification, in a random order, using the Sniffin' Sticks sets provided for each of these tests and following established procedures (for more details, see Hummel et al. 1997; Hummel et al. 2007 ). In short, we assessed odor thresholds for phenylethyl alcohol (PEA) using a single staircase, 3-alternative forced choice procedure: we presented participants with triplets of pens, one of them containing the odorant in a given concentration, the 2 other ones containing the solvent. Participants had to identify the pen containing the odorant. There were 16 different concentrations available. Triplets were presented starting with the lowest concentration, with a randomized order of the 3 pens; the concentration was increased upon an incorrect response and decreased when the odor was correctly identified in 2 successive trials. Threshold was defined as the average of the last 4 of 7 staircase reversals. Scores ranged between 1 and 16.
To assess odor discrimination, 16 triplets of pens (2 pens containing the same odorant and a third pen a different one) were presented. Participants had to identify the pen containing the different odorant. Scores ranged between 0 and 16. In the third task, odor identification was assessed for 16 common odors. For each individual odor, a list of 4 descriptors was presented; participants had to identify the odorant by picking one of them. Scores ranged from 0 to 16.
Although we tested every patient on each test, it is important to point out that not all healthy participants of our control group underwent all tests (Table 1 ). All the tests were performed monorhinally: left and right nostrils were tested separately.
We therefore obtained a maximal total of 6 scores per participant, namely, scores for the right and the left nostrils separately, in the threshold, discrimination, and identification tasks. Those who did not undergo all tests only had 2 or 4 scores. We further calculated, for each test and each participant, the absolute difference between the 2 nostrils; this difference reflects functional asymmetry. We further determined, for each test, best and worst nostrils. In summary, we obtained 5 variables for each test, namely 1) the score of the left nostril; 2) the score of the right nostril; 3) the score of the best nostril; 4) the score of the worst nostril; and 5) the absolute difference between both nostrils.
Data analysis
Data were analyzed using the software SPSS 22.0 for Windows. We ascertained normal distribution using the Kolmogorov-Smirnov test. For data with normal distribution, we subsequently used parametric tests; otherwise we applied appropriate non-parametric alternatives. Post-hoc comparisons were Bonferroni corrected. Unless otherwise stated, results are reported as mean (±standard deviation).
Studying the effects of age, gender and side in controls
For data with normal distribution we computed a repeatedmeasures ANOVA (after a Levene's test to confirm the equality of variances) followed by pair-wise comparisons and independent samples t-tests to examine the main effects of age group and gender, respectively. The variable "side" (right or left nostril) was used as a within-subjects factor to test whether one nostril was outperforming the other.
For data with non-normal distribution, we computed KruskalWallis, Mann-Whitney U, and related samples Wilcoxon tests, to examine the effects of age group, gender, and side, respectively.
Functional asymmetry
We examined the difference between nostrils in each test. To be able to compare these differences between the different tests, we calculated Z-scores for each value and the difference between Z-scores obtained for best and worst nostrils in each test. We performed a Friedman's analysis on those.
We examined functional asymmetry by calculating the number of participants who had better scores in a given nostril for all 3 tasks. The hypothesis was that this proportion would be greater than the one expected if there was no such a phenomenon as functional asymmetry and it was all due to chance (which is 2*(0.5^3) = 25%, with 0.5^3 being the probability of getting one given nostril better in the 3 tests, which is multiplied by 2 because it can be either the left or the right nostril). We used a binomial distribution to compare the obtained and expected proportions.
Normative data
We established normative data to describe across the population the scores obtained with the right and left nostrils, the best and worst nostrils, and the difference between nostrils across the population of healthy participants.
Comparing controls and patients
We used independent samples Mann-Whitney U tests to compare olfactory performance of controls and patients for the 3 tests. Further, we computed Kruskal-Wallis tests to examine the effect of the cause of the olfactory loss.
We also compared the functional asymmetry in the control and patient groups by using a chi-squared test.
We aimed at finding a way to diagnose olfactory losses by defining a cut-off value; a score lower than or equal to this cut-off value would indicate an olfactory loss, while a score higher than this value would indicate normosmia. Every diagnosis comes with an error risk as cut-off values are all associated with false negative (being considered as normosmic when there actually is an olfactory loss) and false positive (diagnosing an olfactory loss when there is not) rates. To assess the discriminative power of the different scores, and to define cut-off values, we used Receiver Operator Characteristic (ROC) curves on all data from participants aged above 16. Our aim was to determine which score was the most effective in discriminating someone affected by an olfactory disorder from someone who is not, that is to say a cut-off value with false negative and false positive rates as low as possible. ROC curves allow to do so, as these curves depict, for each possible score, the true positive rate ("sensitivity") in function of the false positive rate ("1-specificity"). To define the most accurate cut-off value for each test, we calculated, for each value, the Youden index (y = sensitivity + specificity -1), and picked the value with the greatest Youden index (Youden 1950; Bewick et al. 2004) . From the sensitivity and the specificity, we calculated the number of True Positives (TP), True Negatives (TN), False Positives (FP), and False Negatives (FN). We then determined the Positive Predictive Value (PPV = TP/(TP + FP), the probability of truly having an olfactory disorder when the test is positive), the Negative Predictive Value (NPV = TN/(TN + FN), the probability of truly not having an olfactory disorder when the test is negative). From these values, we calculated the accuracy (accuracy = 100*(PPV + NPV)/2) of the selected cut-off values for each of the tests (Florkowski 2008) .
In a ROC curve, the area under the curve (AUC) depicts how efficient the diagnostic tool is: the greater, the better. We used a Kruskal-Wallis test to examine whether the factor "nostril" (best nostril, worst nostril, difference between nostrils) had an effect on the AUC. We then tested the hypothesis that AUCs obtained with the score of the worst nostril were significantly greater than AUCs obtained with the score of the best nostril by comparing, for each task, the AUCs corresponding to the scores of the best and the worst nostrils (Hanley and McNeil 1982) .
Results

Effects of age group, gender, and side in controls
Odor threshold task We found a main effect of gender and age group in the threshold task (ANOVA: F(1;270) = 7.19, P = 0.008, and F(3;270) = 19.12, P < 0.001, respectively). Women outperformed men ( Figure 1A ). Age group 1 had the lowest scores (pair-wise corrected comparisons age group 1 vs. all other age groups: all P < 0.001; Figure 1B) .
We did not observe any interaction between gender and age group (F(3;270) = 0.17, P = 0.92). There was not any main effect of side (F(1;270) = 1.35, P = 0.25), suggesting there was not a nostril outperforming the other one in the overall population ( Figure 1C ), nor any interaction between side and age group (F(3;270) = 1.327, P = 0.266) or between side and gender (F(1;270) = 1.509, P = 0.220).
Odor discrimination task Scores in the discrimination task were not normally distributed. There was no significant effect of gender in the discrimination task (MannWhitney, P = 0.44 for the right nostril, P = 0.55 for the left nostril).
For both nostrils, there were significant differences between age groups 1 and 2 (for both nostrils, Mann-Whitney, P < 0.001), 1 and 3 (Mann-Whitney, P = 0.012 for the left nostril, P < 0.001 for the right nostril), and 2 and 4 (for both nostrils, Mann-Whitney, P < 0.001), with group 1 scoring the lowest and group 2 scoring the highest ( Figure 1B ).
There was no significant difference between left and right nostrils (Wilcoxon, P = 0.21).
Odor identification task Scores in the identification task were not normally distributed. Women outperformed men with the left nostril (Mann-Whitney, P = 0.016). This difference was only a tendency with the right nostril after correction (Mann-Whitney, P = 0.068).
Age group 1 had significantly lower scores than all other groups for the left nostril (after Bonferroni adjustment, for the comparisons Figure 1 . Effects of gender, age and side on olfactory performance in controls. (A) Women (light bars) performed better in threshold and identification tasks than men (dark bars). The difference was not significant in the discrimination task. (B) Children aged 6-15 (dark) performed lower than participants aged 16-35 (medium dark), 36-55 (medium light) and older than 56 (light). The difference between age groups 2, 3, and 4 was significant only in the discrimination task. (C) There was no significant between average scores (error bars: SEM) for left and right nostrils, indicating that there is no better nostril between left (light) and right (dark). Significant differences in post hoc comparisons between positions are indicated by different letters (P < 0.05). Columns indicate average scores, error bars indicate standard errors of mean (SEM). NS = non significant, *P < 0.05, ***P < 0.001. DIS, discrimination task; ID, identification task; left and right indicate nostril; THR, threshold task.
of age group 1 with age groups 2, 3, and 4 respectively, MannWhitney, P < 0.001, P = 0.006, and P = 0.042; comparisons between age groups 2, 3, and 4 were not significant). For the right nostril, age group 1 had significantly lower scores than age group 2 (MannWhitney, P < 0.001). Scores with the left nostril tended to be better than scores with the right nostril, but the difference was not significant (Wilcoxon, P = 0.08).
Difference between nostrils in the different tasks
The average absolute differences between nostrils, which are an indirect measure of functional asymmetry, were 1.59 (±1.58) points, 1.69 (±1.37), and 1.27 (±1.00) points, for threshold, discrimination and identification, respectively ( Table 2) . The difference between nostrils was not equivalent in all tasks, and the difference between associated Z-scores was significant (Friedman's analysis, P < 0.001), with the smallest inter-nostril difference in the identification task (threshold vs. discrimination, Wilcoxon, P < 0.001; threshold vs. identification, Wilcoxon, P = 0.001; discrimination vs. identification, Wilcoxon, P = 0.005).
Functional asymmetry refers to the fact that one nostril is better than the other one; we assumed functional asymmetry if a participant had better scores in a given nostril for all 3 tasks. Although the probability to find such an asymmetry by chance is 25%, 36 of 93 (39%) healthy participants tested for all 3 tasks exhibited such a pattern (binomial, P = 0.002).
There was a main effect of age group on functional asymmetry in the threshold task (Kruskal-Wallis, P = 0.006), with the smallest difference in age group 1 (after Bonferroni adjustment, for the comparisons of age group 1 with age groups 2, 3, and 4 respectively, Mann-Whitney, P < 0.001, P = 0.036, and P = 0.018; comparisons between age groups 2, 3 and 4 were not significant). For discrimination and identification, we did not observe any significant effect of age group on functional asymmetry, although there was a statistical trend for an effect in the identification task, with age group 2 seemingly presenting a smaller difference between nostrils, but it became not significant after a Bonferroni adjustment (KruskalWallis, P = 0.060).
There was no effect of gender on functional asymmetry in any of the 3 tasks.
Normative data
In Table 2 , we present normative data on the scores obtained in the different tasks for the 4 age groups. Specifically, we highlight the scores obtained with the left, the right, the best and the worst nostril, and the difference of scores between the 2 nostrils (functional asymmetry).
Comparisons between patients and controls
When comparing the overall group of controls with the group of patients, we observed that, in all tasks, patients scored significantly lower than controls, with P < 0.001 for each test (Figure 2) . In addition, functional asymmetry was greater in patients than in controls, in all 3 tasks (threshold: P = 0.013; discrimination: P < 0.001; identification: P < 0.001; Figure 3 ). However, functional asymmetry was not more frequent in patients than in controls; the frequency of participants having one given nostril outperforming the other one in all 3 tasks was similar in controls (36 out of 93 participants; 38%) and in patients (60 out of 180 participants; 33%; χ 2 (1) = 0.78, P = 0.38). Since there was an age difference between both groups, we selected controls so that the age matched between the 2 groups: while patients were aged from 14 to 80 years, with mean ± SD = 51.4 ± 14.6, we selected, in the control group, N = 110 participants, aged from 14 to 79 years, with mean ± SD = 49.5 ± 14.9. Patients still scored significantly lower than controls, with P < 0.001 for each test. With this age-matched control group, functional asymmetry was greater in patients than in controls for discrimination (Mann-Whitney, P < 0.001) and identification (Mann-Whitney, P = 0.002), but failed to reach significance for the threshold test (Mann-Whitney: P = 0.070).
For each task, we computed ROC curves for the scores obtained with the best nostril, the worst nostril, and the difference of scores between nostrils (Figure 4) . The AUC, cut-off values with their associated specificity and sensitivity, PPV and NPV, and accuracy, were calculated for each test (Table 3) . The most accurate cut-off value appeared to be the one associated with the threshold task, for the worst nostril: a score of 2.63 with an accuracy of 88.2% (sensitivity = 0.73, specificity = 0.97). There was a significant main effect of the nostril on the AUC (Kruskal-Wallis, P = 0.039) and the accuracy (Kruskal-Wallis, P = 0.027), with the accuracy for the score obtained with the worst nostril appearing to be the greatest. Comparing the AUCs 2 by 2 confirmed the finding that, in the threshold task, the score of the worst nostril was more efficient than the score of the best nostril to discriminate between those who have an olfactory disorder and those who have not (z = -3.52, P < 0.001). The difference was not significant in the discrimination task (z = -1.28, P = 0.101), and close to significance in the identification task (z = -1.62, P = 0.053). These results show a better efficiency of the score of the worst nostril to detect an olfactory disorder.
As a final analysis, we compared patients with different causes of hyposmia (sinunasal, postinfectious, posttraumatic, idiopathic) . Scores of the best nostril were not influenced by the different causes of hyposmia. However, there was a significant effect on scores of the worst nostril in the discrimination task, indicating that patients with posttraumatic hyposmia scored lower than patients with postinfectious hyposmia (P = 0.018). There was a tendency in the same direction in threshold and identification tasks; however, they failed to reach significance after correction (P = 0.054 and P = 0.066 respectively).
Discussion
Here, we describe a study on monorhinal sensitivity. First, we established normative data for monorhinal testing. Second, we showed that detection threshold scores obtained from the worst nostril discriminate best between patients and healthy individuals. Third, we found that even healthy individuals exhibit side differences, which are most prominent for odor discrimination and identification. We further confirmed findings from birhinal testing, with healthy individuals aged 6-15 scoring lower than adults. The normative data for unilateral Sniffin' Sticks tests that we established in this paper add to the ones available for bilateral testing ). Overall, scores for the different tasks obtained in both studies are in the same range, at least for adults (age groups 2, 3, and 4), proving the reliability of the Sniffin' Sticks (Hummel et al. 1997) . We compared results obtained in our study (monorhinal) and the publication on birhinal normative data for the reference age group 2 (16-35 years old): using Welch's t-test, we compared the scores of the best nostril and of the worst nostril with the scores of both nostrils, for the 3 tasks. Before we applied a Bonferroni correction, all comparisons between scores of both nostrils and worst nostril were indicating a significant difference, with our normative scores for the worst nostril being significantly below the normative values for birhinal testing. This was not the case for scores of the best nostril. This additional analysis suggests that the scores from the best nostril correspond (roughly) to scores obtained in birhinal testing, which is coherent with the literature (Frasnelli et al. 2002) . It underlines, however, the notion that unilateral olfactory disorders could go unnoticed with birhinal testing, as the scores do not reflect those of the worst nostril.
For the detection of olfactory disorders, we defined cut-off values to help diagnose hyposmia. Such values had been defined for birhinal testing (Hummel et al. 2001; Hummel et al. 2007 ) but the interest of using monorhinal testing made it useful to define them unilaterally. A diagnosis is always associated with a risk of false positives and false negatives, and the aim is to define a cut-off value with the best accuracy. Our results show that the scores of the worst nostril are more efficient to detect an olfactory disorder than the scores of the best nostril or the differences of scores between nostrils. Above, we discussed the equivalence of scores obtained with bilateral testings and scores obtained with the best nostril, and the fact that unilateral olfactory disorders might go unnoticed with birhinal testing; this is confirmed here, as cut-off values defined from the scores of the worst nostril appear to be more accurate than those of the best nostril. This demonstrates that monorhinal testing provides more efficient diagnostic tools to detect olfactory disorders. The method we used to define cut-off values was not the same as the one used for birhinal testing ). The latter consisted in picking the tenth percentile in the age group 2. With this method, we would have obtained a cut-off value of 3.93, which has a slightly higher sensitivity but a much lower specificity than the cut-off value 2.63 that we found (0.77 instead of 0.73 for the sensitivity, 0.88 instead of 0.97 for the specificity). It is not yet clear whether monorhinal testing could also be helpful for monitoring olfactory disorders, or to predict olfactory outcome at a follow-up. Future longitudinal studies may address these issues.
Ideally, not all 3 tasks should be necessary to be able to diagnose an olfactory disorder, so that only one test could be performed, on Functional asymmetry (absolute difference between scores for left and right nostril) in controls (dark) and patients (light). This asymmetry is more important in hyposmic patients than in controls. Columns represent average difference, error bars indicate SEM. *P < 0.05, ***P < 0.001. DIS, discrimination task; ID, identification task; THR, threshold task.
both nostrils one after the other; if the lowest of the 2 scores happens to be lower than the cut-off value, an olfactory disorder can be diagnosed. If only one of them had to be chosen, it would be wise to pick the threshold task, as the cut-off value associated with this task is the one with the best accuracy (88.2%). The cut-off value associated with the identification task also has a high accuracy (88.0%), Figure 4 . Receiver Operating Characteristics (ROC) curves. ROC curves were computed for controls above 16 years old to compare the efficiency of the different scores to discriminate between controls and hyposmic patients for the best nostril, the worst nostril, and the absolute difference between both nostrils' scores, in 3 tasks (DIS, discrimination task; ID, identification task; THR, threshold task). The area under the curve (AUC) of the ROC curves was calculated. Positive and negative predictive values (PPV and NPV) allowed to define more precisely the accuracy of each test. The scores obtained with the worst nostril seemed to be the most efficient diagnostic tools. DIS, discrimination task; ID, identification task; THR, threshold task. but this task can involve memory as, during the testing of the second nostril, the participant can remember the odors they smelt during the testing of the first nostril. This transfer is inherent in the test and can bias the results, making it not ideal as a diagnostic tool.
In healthy participants, in all 3 tasks, there was no difference between left and right nostrils, but there was a significant difference between best and worst nostrils. One could think the tests may be unprecise, this result be due to a poor test-retest reliability, and therefore yield different results for each nostril, but the proportion of healthy participants showing side differences in favor of one given nostril, in all 3 tasks, is significantly greater than the proportion we would obtain by chance; this shows the differences between nostrils that we observe are not just an epiphenomenon of testing but truly reflect functional asymmetry. This functional asymmetry had been hinted by reports of side differences Gudziol et al. 2010) . It can be physiological, since differences between nostrils are observed in healthy participants. This result underlines the importance of monorhinal testing. The independence of the nostrils can be explained directly by the anatomy of the olfactory system. Indeed, each nostril has its own olfactory epithelium with olfactory receptor nerves sending the information to its own olfactory bulb; just like visual and auditory information, olfactory information follows 2 separate paths into the brain, leading to possible differences of sensibility between the 2 nostrils. Differences between nostrils have been showed to increase with age ). In our study, age group 4 had a tendency to display the greatest side differences. The increase of these differences with aging is coherent with the fact that olfactory abilities decrease with age. Indeed, we can hypothesize that this olfactory loss is asymmetric, affecting one nostril more than the other, or both nostrils at different points in time, thus increasing the difference between nostrils. Another explanation of the increase of differences between nostrils with aging would be the decrease of attentional and other cognitive resources needed for a high test-retest reliability. Functional asymmetry can be physiological, but the degree of lateralization can be an indicator of future bilateral olfactory loss , and this is one more reason to use monorhinal testing, because it could help to detect olfactory disorders which are still unilateral before they become bilateral. Our results, presented above, contrast with the idea that the differences between nostrils that we measured could be only due to the tests being unprecise, because the proportion of participants presenting a functional asymmetry was too high to be explained by chance. However, even though different previous studies show that the test-retest reliability of the Sniffin' Sticks is high when the tests are performed several times on the same participant (r = 0.80 for odor discrimination, r = 0.88 for odor identification, and r = 0.92 for odor threshold; Hummel et al. 2001; Albrecht et al. 2008; Haehner et al. 2009) , it is still difficult to completely dismiss the possibility of an effect of a lack of test-retest reliability between nostrils. Another explanation to these differences between nostrils could be the nasal cycle; indeed, the sensitivity of the nostrils is fluctuating (Sobel et al. 1999) , and one nostril could be weaker at the time of testing, and this could be reversed a few hours later. Longitudinal studies would be needed to determine if this is the case, but earlier studies did not find any correlation between nasal patency and olfactory function, making this explanation somewhat unlikely (Frasnelli et al. 2002) .
The effect of gender on the olfactory performance is disputed; though some studies suggest that women significantly outperform men ), other studies show no significant effect of gender (Kobal et al. 2000; Hummel et al. 2001 ). In our study, women, on average, seemed to score higher than men in all 3 tasks, but the difference was significant only in the threshold task and for the right nostril in the identification task. Our results therefore support the notion that, if gender differences are found, women typically outperform men (Doty and Cameron 2009) .
All the studies seem to agree on a decrease of the olfactory performance with age (Kobal et al. 2000; Hummel et al. 2001 ), a decrease which would be due to functional and pathological changes occurring in the olfactory system with age (Doty and Kamath 2014) . Although, on average, age group 4 scored lower than age groups 2 and 3, there was no significant difference between those 3 groups in the threshold and identification tasks. The discrimination task was the only one showing a significant difference between age groups 2 and 4. The absence of more significant differences could be the repartition into age groups itself: all individuals aged more than 55 were in group 4, but the decrease of the olfactory abilities could happen later than this, and therefore be undetectable with such age groups.
There are a couple of limitations to this study. First, since this is a retrospective study, our different groups are not equivalent: participants in the control group do not perfectly match patients in term of age or gender. While patients are mostly above 36, the most represented age group in controls is the age group 2 (16-35 years). Since not all tests have been carried out in controls, this leads to sometimes very low numbers of participants: that is for example the case of age group 3, in which the identification task was performed on only 7 participants. It is however important to point out that, in line with a previous study ), the reference group is age group 2, in which we have a large sample size. We also performed the analyses on a selected group of controls whose age matched the patient group, and the observations remained the same, with significant differences between both groups. Second, as mentioned above, the side differences that we observed could be partly due to a lack of test-retest reliability, and it is difficult to assess how much. Third, as discussed above, monorhinal testing leads to a transfer problem in the identification task which can bias the results, as memory can be involved. A solution could be to use different odors for each nostril, but this would not be ideal either, as all odors are not equally difficult to identify; thus, we would be unable to compare both nostrils accurately. One has to take this into consideration when evaluating identification scores.
In conclusion, age and gender affect results in monorhinal olfactory testing. Even if there is not a nostril better than the other one between left and right, we observe functional asymmetry in both healthy participants and patients. Such functional asymmetry requires monorhinal testing to be detected. We provide normative data and, in addition, cut-off values to discriminate between olfactory dysfunction and normal function. The detection threshold obtained on the weaker nostril discriminates best between both groups. These findings may be useful in the diagnosis of olfactory dysfunction and hence in the early detection of several medical conditions such as Parkinson's and Alzheimer's diseases.
